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ÁRare isotope production with primary beams 
up to 400 kW, at 200 MeV/u for 238U 
(>200 MeV/u for lighter ions)

Facility for Rare Isotope Beams
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Challenging Equipment in Experimental 
System Area
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Beam dump drum (Ti-alloy)
E = 156 ï260 MeV/u

P deposited ~ 300 kW

ůx beam = 1-10 mm

ůy beam =  2-50 mm 

P = 30 MW/cm³

Dose ~ 7 dpa

Fragment catcher (Al-alloy)
E = 156 ï260 MeV/u

P deposited < 10 kW

ůx beam = up to 15 cm

ůy beam = up to 5 cm 

P =  9 kW/cm³

Dose ~ 2.5 dpa

Wedge (Al-alloy)
E = 156 ï260 MeV/u

P deposited < 2 kW

ůx beam = up to 5 cm

ůy beam = up to 5 cm 

P =  13 kW/cm³

Dose ~ 1 dpa

Production target (graphite)
E = 202 ï260 MeV/u

Pbeam = 400 kW

P deposited ~ 100 kW

ůx beam = 0.24 mm

ůy beam = 0.29 mm

P = 60 MW/cm³

Dose ~  8 dpa

INTDS-2014

INTDS-2012

INTDS-2010

INTDS-2018



ÁStop the unreacted primary beam
ÅHeavy ion beams (Oxygen to uranium)

ÅEnergies >150 MeV/u

ÁBeam dump requirements
ÅHigh power capability up to 325 kW

Å1 year (5500 h) lifetime desirable

ÅRemote replacement and maintenance

ÁHigh power density challenge met by choice of 
water-filled rotating drum 
ÅUsing water to stop the primary beam and absorb beam power

FRIB Primary Beam Dump
Water-filled Rotating Drum
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ÁExtreme conditions due to heavy ion beams
ÅEnergy loss of U beam at 156 MeV/u in Ti-alloy shell is 4 order of magnitude higher compare to 

proton beam at 1 GeV

ÁHigh power ïup to 60 kW in the shell
ÅThermal stress 

ÅWater near the boiling point limits the maximum temperature of the shell

ÅSufficient wall heat transfer required

ÁRotating drum: 600 rpm
ÅTemperature variation at each turn ĔFatigue, stress wave through the drum shell

ÅElevated mechanical stress due to internal water pressure 

ÅVibration and mechanical resonances

ÁWater
ÅCorrosion, Cavitation

ÁSwift heavy ions
ÅRadiation damage in material

ÅSputtering

ÅRadiolysis (gas production)

FRIB Primary Beam Dump 
Challenges Addressed in Simulations and Tests
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ÁThermal analysis
ÅTo avoid nucleate boiling at 8 bar water pressure, maximum 

temperature of the shell is limited to 150 ºC 

ÅComputational Fluid Dynamics simulations take into 
account the power deposition both in the shell and in 
the water 
ÅLarger contribution from the shell heating

ÅMax. water temperature of 150 ºC found for 100 kW 238U 
beam (ů = 10 mm)

ÅLower temperature (<100 ºC) for 400 kW 16O beam

ÁHigh Wall Heat Transfer Coefficient (WHTC) with high 
turbulent water flow needed to remove heat from beam 
dump shell
ÅNew geometry with double shell and force convection is 

considered for the full power with heaviest beams

Sufficient Wall Heat Transfer Required to 
Avoid Nucleate Boiling near the Shell
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M. Avilov et al., NIMB 376 (2016) 24-27 Double shell geometry

O beam

400 kW ïO beam ů= 4 mm

100 kW ïU beam ů= 10 mm

U beam



ÁRobust single shell beam dump with 1mm-thick 
machined wall
ÅSingle shell geometry with single-phase fluid flow

» Suitable for full power for light beams (mass < 36) 
and up to 50 kW for 238U beam 

ÁIn parallel: development of 0.5 mm shell drum 
using 3D printing Ti-6Al-4V 
ÅSingle shell suitable for full power for light beams 

(mass < 64), up to 100 kW for 238U beam

ÅDouble shell for all primary beams at full power
» Build double-shell drum based on experience with 

single-shell drum during power ramp-up

Beam Dump Drum Design
Staged Approach for Full Power
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ÁTesting with high energy electron beam at 
Novosibirsk with ¼ scale mock-up: a 0.5 mm 
thick shell made of 3D printed Ti-6Al-4V
ÅHigh energy electron beam 0.8 ï1.2 MeV, 

power up to 90 kW sufficient to represent the BD 
thermal conditions

ÅUp to 6 gpm flow rate and up to 1200 rpm 
rotational velocity sufficient to simulate the fluid 
flow similar to that in a real beam dump 

ÅBoth single and double shell designs 
were tested

ÁValidate the maximum heat flux in the 
beam dump shell

ÁDetermine Wall Heat Transfer 
Coefficient (WHTC) in rotating system

Test to Validate Heat Removal Assumptions 
[1]
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Single shell geometry

Double shell geometry

Al hub

Ti alloy Shell 


